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1 – Introduction 

In the last few decades, Brazil has suffered changes in its demographic 

structure due to decreases in fertility rates and to a lesser extent in mortality rates 

which contribute to accelerate the aging process of the population. Between 1950 and 

2000 the proportion of elderly people increased from 3% to 5% and according to 

projections of the population this percentage will reach 12% in 2030 (CELADE 

2002). As a result, we can observe changes in the morbidity and mortality profile of 

the Brazilian population, such as increases in the prevalence of chronic-degenerative 

illnesses followed by decreases in the prevalence of infecto-contagious diseases (IDB 

2005, IBGE 2001).  

Since this process has occurred unevenly across Brazilian regions due to 

differences in the level of socioeconomic development, different epidemiological 

profiles are coexisting in this country. In the South and Southeast regions which 

socioeconomic indicators are similar to the developed countries, the prevalence of 

chronic diseases is predominant. On the other hand, in the poorest regions located 

mainly at North and Northeast of the country, the prevalence of infecto-contagious 

and parasitic illnesses, undernourishment and infant mortality rates are still high 

despite their decreasing trends between 1990 and 2003 (IDB 2005).  

                                                 
1 The authors would like to thank FAPEMIG (Research Support Foundation of Minas Gerais) for its 

financial support to this research, and the William and Flora Hewlett Foundation for the support to the 

Graduate Program of Demography at CEDEPLAR (Center for Development and Regional Planning)". 
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The main goal of this study is to assess the relationship between health and 

economic growth in Brazil during the last decade – the states of the federation being 

considered as units of analysis. The effects of health on economic growth may occur 

through three mechanisms: 1) directly through the relationship between health status 

and individual earnings; 2) indirectly through the effect of health on the level of 

education; 3) through the health externalities.2  

Health status affects the work productivity; number of working hours supply 

and the decision to participate in the labor force. The better the health status the 

higher the capacity to work and earnings of the individuals. In this sense, poor health 

status causes considerable losses of individual income (Luft 1975, Kassouf 1999, 

Alves and Andrade 2003, Murrugarra and Valdivia 1999, Ivaschenko 2003). These 

losses affect both individual as well as society wellbeing contributing to decrease the 

level of wealth and to worse the income distribution in the country (Noronha 2005). 

Health Status can also have an indirect effect on economic growth through its 

effects on the level of education as it affects the attendance to the classes and the 

capacity of learning and concentration of the individuals (Cutler & Lreras-Muney 

2006). The relationship between health condition and human capital stock can even 

be analyzed by taking into account the dynamic aspect of this relationship. The 

depreciation rate of human capital stock would be directly associated with the health 

status level of the population as the individuals’ health stock decreases with their 

lifetime. The depreciation rate may be higher or lower depending on the technological 

level of the society (which would allow the introduction of new kinds of medical 

assistance and medicines), access to health care services, demographic profile (age 

and sex distribution), living and consumption habits and violence level, among others. 

Societies with higher depreciation rate (for example, high level of mortality) tend to 

                                                 
2 See Sachs (2001) for a more detailed discussion about the macroeconomics impact of health. 
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show a lower level of investment in education as the cost of such investment may not 

be offset. From the individual perspective, a worst health status would also affect the 

family educational expenditures as it can decrease the productivity of hours devoted 

to the education and its return rates. In the face of a lower life expectancy, individuals 

tend to decide for a lower investment in education (Falcão e Soares 2005, Cutler& 

Lreras-Muney 2006).  

A third mechanism through which health affects economic growth is 

associated with the presence of externalities in health to the extent that the individual 

health level not only depends on one’s own health but also the society’s average 

health condition. These are called diffuse externalities (Andrade and Lisboa 2000). 

This is the case of contagious diseases and diseases avoidable by basic sanitation and 

vaccination. Such externalities have health effects on economic growth and it is more 

evident in less developed countries where health and poverty are closely related. 

African countries with high AIDS incidence show how the existence of externalities 

in health may undermine economic growth. Though indirectly, such externalities may 

also affect business investment decisions (Sachs 2001). Thus, health effect on growth 

models can also be indirectly captured through the physical capital of the economy.  

The impact of the health on the investment can also be observed through 

decreases on the individual capacity of save (Sachs 2001). If the technological 

progress rate of some region depend on the research effort (income destined to the 

R&D), lower income level due to the direct negative effects of health status would be 

worst intensifying the income inequalities observed among regions (Howitt 2005). 

Only recently health condition has been given relevance as a possible 

determinant of economic growth.3 The main difficult is related to the existence of 

                                                 
3 Several empirical works found a positive effect of average population health on economic growth 

rates (Fogel 1994, Knowles e Owen 1995, Barro 1996, Bhargava et alli, 2001, Bloom et all 2001, 
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comparable health measures among economies which are able to capture the multiple 

health condition dimensions of the population. There are few studies analyzing this 

relationship considering Brazilian data (Mayer et al 2000, Mora and Barona 2000, 

Cermeno 2000, Mayer 2000). The results suggest an effect of health on economic 

growth in Brazil. However, they are not conclusive and depend on the health measure 

utilized. In this paper, we used several indicators as proxy for health status: infant 

mortality rate and proportion of deaths by selected causes such as vascular diseases, 

diabetes, cancer, transmissible illnesses, AIDS, homicides and badly-defined causes. 

Those measures reflect different epidemiologic and morbidity profiles experienced 

among the Brazilian states.  

The main results found in this paper are in accordance to that one predicted by 

the literature. The better the population health conditions the higher the economic 

growth independently of the health measure analyzed.  

This paper is divided into five sections besides this introduction. The next 

section shows the estimation procedures and the dependent and independent 

variables. Section 3 presents the results and the section 4 the discussion.  

2 – Method 

Econometric Model and Estimation Procedures 

This paper investigates the relationship between health and (transition) growth 

rate for the Brazilian states. Based on the amplified Solow’s model, we accepted the 

hypothesis that changes in the main parameters of the economy – as for example 

                                                                                                                                           
Sachs 2001). However, Zon & Muysken (1997) has found a negative relationship between both 

variables. According to the model proposed by Baumol, the population health condition may have 

several effects on economic growth: on the one hand, it may positively affect economic growth, as it 

increases the society’s human capital; on the other hand, as it is a nonproductive activity, it competes 

with productive sectors in the economy in the allocation of scarce resources which determines a 

negative relation with the economic growth (Zon & Muysken 1997). 



 5 

investment rates and fertility rates, temporally affect economic growth rates. 

However, in the long term period, economic growth rates would only depend on the 

technological progress. The parameters of the economy, in turn, would determine the 

level of per capita income in the long-term period (Barro 1991). Our study is 

restricted to the period from 1991 to 2000 due to constrained compatible and reliable 

data on health condition for all Brazilian states.  

Let i and t be the subscripts concerning the federative units and years 

respectively. Thus, the econometric model can be specified as follows (Barro 1991): 

γit= β1 + β2 yit-1 + β3 HEALTHit-1 + Σtβt year + Σsβs  Region  + Σj βj Xjit-1+ εit          (1) 

where: 

γit = the growth rate of real GDP per capita; 

βk = the estimated parameters for the k variables; 

βt = the estimated parameters for the t years, with t varying from 1991 to 2000, being 

1995 the reference year; 

βs = the estimated parameters for the s regions, being s equal to the North, Northeast, 

Southeast – except for São Paulo -, Center-West, and South regions, being São Paulo 

the reference region; 

yit-1 = real GDP per capita with a one-year gap; 

HEALTHit-1 = average health condition of the population; 

Xjit-1 = socioeconomic and demographic variables; 

εit = random shocks. 

Our main objective is to test whether the coefficient of the HEALTH variable 

is statistically higher than zero, i. e.: 

 H0: β3 >0 

 H1: β3 ≤ 0 
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The model specified in (1) assumes that the intercept may be different for the 

distinct years in the sample and Brazilian States, which would lead us to estimate the 

panel model. Two different determinants led us to choose the panel model: a) To 

increase the number of observations and attenuate the omission variables problem; b) 

to control the model by means of economic cycle effects, which thus became filtered 

by the year dummies variables.  

The estimation procedure is stepwise-typed, i. e., when estimating the model 

the least statistically significant variable will be removed so that only variables whose 

coefficients are different from zero to at least 10% of significance can be found. This 

procedure does not include time dummies and dummies for the Brazilian states either. 

Three tests were accomplished in this paper: one for the normality of residues, 

one for detecting autocorrelation, and another for the heteroscedasticity. The test for 

normality of residues was based on a combination of the skewness and kurtosis tests. 

The result led us to accept the hypothesis that the residues are normally distributed at 

1% of significance. In order to detect heteroscedasticity, the White test (1983) was 

performed and in case heteroscedasticity is present we use the White procedure to 

correct it. We tested the presence of autocorrelation, by comparing the coefficient ρ 

estimated by the Prais-Winsten method with the critical values from the Durbin-

Watson table. The estimated coefficient was located in the indecision region. The 

model was corrected by the Prais-Winsten method and no significant discrepancies 

with the results estimated by the least squares method were found.  

Dependent and Independent Variables 

The dependent variable of the model is the growth rate of real GDP per capita 

measured at market price (in thousand dollars) and at fixed dollar in 19904. The data 

                                                 
4 In order to obtain the deflated GDP for each state – measured based on the 1990 dollar – , we have 

estimated the series of the Brazilian real GDP. Afterwards, we have multiplied the participation of 
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source is the regional accounts accomplished by IBGE (the Brazilian census agency), 

which provides nominal GDP for each federation unit (IBGE, Diretoria de Pesquisas, 

Departamento de Contas Nacionais, Contas Regionais do Brasil 1985-2000). The 

analysis encompasses all the Brazilian states in 1991-20005. Choosing this period was 

mainly due to restricted compatible and reliable data on health condition for all 

Brazilian states. Only in the 1990s, with the creation of the Datasus, it is observed a 

more transparent and centered health information system in Brazil. Using data for 

previous periods with annual periodicity would not be possible. Additionally, as the 

decade of 1990 is a period of remarkable structural changes in the health area and 

such changes are not uniformly observed for all states, using a panel for 10 years – 

which takes account of the existing diversity among the Brazilian states – seems to 

provide a useful set of information to start understanding the relation between growth 

and health in Brazil.  

In order to measure the average health status of the population, we used 

several indicators as proxy. The first is infant mortality rate. Using data from IBGE 

(2002), this rate is defined as the ratio between the number of deaths among children 

under a year of age and the number of live-born children. The relationship between 

infant mortality and economic growth rate is expected to be negative, i. e., the lower 

the infant mortality rate, the healthier the population, and the higher the economic 

                                                                                                                                           
nominal GDP per capita of each FU by the estimated Brazilian real GDP. Such a procedure allowed us 

to deflate the GDP of each state, in relation to variations in domestic prices and the (foreign) dollar 

inflation. The Brazilian nominal GDP in 1990, measured in dollars, and the real GDP growth rates for 

1991-2000 were taken from Conjuntura Econômica (2000). 

5 The Federal District was excluded as its economic activity is based on the public services which it 

makes difficult to test the mechanisms of market predicted by the economic growth models.  
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growth. 6 Besides the infant mortality rate, we also test the effect of the proportion of 

deaths by the following causes: vascular diseases, diabetes, cancer, transmissible 

illnesses, AIDS, homicides and badly-defined causes. The proportion of deaths is 

estimated for the period between 1990 and 1999. The source of data is the DATASUS 

(IDB-2005). The use of several health measures allowed us to consider the effect of 

the differences in the morbidity and mortality profiles observed among the Brazilian 

states on the economic growth rate as well as to test the robustness of the results.  

The relation between economic growth and health is endogenous, i. e., it is 

simultaneously determined by the model. Using instrumental variables, which are 

related to health status but not to the growth rate of real GDP per capita, is a way of 

controlling endogeneity. The variable itself – with a time lag in relation to the 

dependent variable – is commonly the instrument used in this kind of analysis. For 

this reason, the health measures used in this paper were included with a one-year gap 

in relation the growth rate of real GDP per capita in this model.  

The other independent variables of our model are proxies of the equilibrium 

income per capita determinants. The choice of these variables was based on the 

international empirical literature, constrained by data availability though. Such 

variables included a set of socioeconomic and demographic measures. Table 1 shows 

each of these variables as well as their data source and description. All variables were 

included in the model with a one-year gap in relation to the growth rate of real GDP 

per capita.  

Table 1 

                                                 
6 The infant mortality rate decreased in all states during the 1990s. The Northeast shows the highest 

averages, especially for Alagoas (81.76 deaths per thousand live-born children). The ratio between the 

smallest value and the highest value – which correspond to the infant mortality rate in the end and the 

beginning of the period respectively – shows a reduction of about 33% of such an indicator from 1990 

to 1999. The highest decrease occurred in Roraima (53.66%) and the smallest, in Amazonas (27.75%). 
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Description of Independent Variables 

Variable Data source Description 

Gini Coefficient 
Estimated based on household 
income per capita.  

Average years of study 

of working age 

population (WAP)  

Full years  of study 

Age Structure 

Proportion of WAP in relation to 
total population. (We also tested 
the dependence ratio which is the  
proportion of individuals under 
age 14 and over 64 in relation to 
the WAP. The results are quite 
similar) 

A simple interpolation was 
determined for 1994. 
 
North region: PNAD does not 
take the urban area into account. 
Based on the 1991 and 2000 
censuses, we estimated each 
variable for urban and rural areas 
and then the rural area only. We 
obtained the ratio between the 
variable estimated for the rural 
area and the variable estimated 
for both localities for each census 
year. We interpolated this ratio 
and applied the value found the 
correspondent variable estimated 
based on the PNADs. 
 

 

Urbanization Rate 

Proportion of individuals living 
in urban areas 

North region: simple  
interpolation using the censuses 
of 1991 and 2000. 

Migration rate (refers 

to urban residents 

only) 

PNADs for 90, 92, 
93, 95-99. 
 
Census of 1991 and 
2000. 
 
PNAD was 
accomplished in 
1994 
 
 

Net migration rate = migratory 
balance/observed population. 
 
Migratory balance = Immigrants 
– Emigrants 

Immigrant = individual not 
residing in the federation unit – 
FU – in  the previous five years 
and living there in the survey 
year. 
Emigrant = individual reporting 
the place of residence in the 
previous five years as he/she did 
not live in the FU on that date. 
For 1994: simple interpolation 

Demographic density DATASUS Population divided by the FU territorial extension 

Fertility rate 
Sawyer et al, 
(1999) 

These rates were estimated for 1991, 1995, 2000, 2005, 2010, 2015, 
and 2020. 
We used the 1991 information for 1991-1994 and the 1995 fertility 
rates for 1995-2000. 

Physical capital stock 

Statistical 
Yearbook (several 
years) 

Measured as the total electric energy consumption 

Economic distance 

Statistical 
Yearbook (2000) 
and regional 
accounts (1985-
2000) 

t

total

t

i

i

t

ij

t

j
PIB

PIB
dD ∑= ,where dij is the distance from the capital 

of the state j in relation to the other state capitals. Dj is estimated for 
each FU for each year t. 

Participation of 

industry in the GDP of 

FU 

 

Participation of 

services in the GDP of 

each FU 

Statistical Yearbook (2000) 

 

Additionally, we included income per capita (y) in the beginning of each 

period, in order to test the presence of conditional convergence (convergence β) of 

economic growth and a set of dummy variables for each region, the state of São 

Paulo, and for each year.  
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3 – Results 

This paper has two main objectives. Firstly, we verify whether health 

condition directly impacted the Brazilian economic growth during the 1990s. 

Secondly, we attempted to evaluate the indirect effect of health condition on 

economic growth by means of its relation with education. The following exercises 

were accomplished. Firstly, we estimated the model by including a variable 

measuring the average health condition of the population in order to verify its direct 

effect on economic growth (subsection 3.1). Secondly, we let the infant mortality rate 

(a proxy of population health condition) and the education variable to interact with 

each other in order to evaluate whether health had any indirect effect on the growth of 

GDP per capita (subsection 3.2). For each specification, we estimated a model taking 

account all variables aforementioned (table 1) and a parsimonious model including 

the statistically significant variables at least at 10%.  

3.1 The direct effect of health condition on economic growth 

Table 2 shows results for the model that includes all variables and the 

parsimonious model 1. We also present the results of the base model, which is 

obtained from the estimation of the parsimonious model 1 without the infant mortality 

rate. This model allows us to verify what happens with the education effect on 

economic growth when the proxy variable of health condition is omitted. The results 

for the two models estimated with the infant mortality rate are quite similar and, in 

general, they present the expected sign. The main variables that explain the economic 

growth of the Brazilian states in 1990’s are the human capital level (the infant 

mortality rate and level of schooling), investment in physical capital (measured as the 

rate electric energy variation), fertility rate, population density, industrial 

participation in the GDP and initial per capita income. Analyzing the parsimonious 

model 1, we noticed that a unity reduction in the initial income per capita increases 
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9.31% the growth rate of GDP per capita. This means that, by controlling the steady 

state level, the smaller the initial output level, the higher the rate of economic growth. 

Table 2  

Direct effect of health condition on economic growth 

First Specification of the Model: without 

interaction terms 

Base Model: 

without health 

Variable 
Independent Variables 

All Variables Parsimonious Model 1  

Initial GDP -0.0970 *** -0.0931 *** -0.0869 *** 
Variation rate of electric energy 0.0489 ** 0.0450 *** 0.0448 *** 
Fertility rate 0.0318 ns 0.0319 ** 0.0230 * 
Gini coefficient -0.1170 ns     
WAP proportion in relation to total population -0.0009 ns     
Education 0.0341 * 0.0393 *** 0.0414 *** 
Urbanization rate 0.0014 ns     
Population density 0.0002 * 0.0003 *** 0.0002 ** 
Economic distance 0.0000 ns     
Migration rate (urban residents) -0.0031 *     
Industrial participation in state GDP 0.0031 *** 0.0030 *** 0.0028 *** 
Services participation in state GDP 0.0003 ns     
Infant Mortality Rate -0.0013 * -0.0011 *   
Southeast (except for São Paulo) -0.0615 ** -0.0754 *** -0.0690 *** 
North  -0.0981 * -0.1444 *** -0.1375 *** 
South  -0.0557 ** -0.0716 *** -0.0677 *** 
Center-West  -0.0766 ** -0.0875 *** -0.0833 *** 
Northeast -0.1267 ** -0.1557 *** -0.1704 *** 
1991 -0.0305 ns -0.0348 ns -0.0403 * 
1992 -0.0562 ** -0.0676 *** -0.0690 *** 
1993 -0.0030 ns 0.0002 ns 0.0014 ns 
1994 (reference year: 1995) 0.0075 ns 0.0085 ns 0.0116 ns 
1996 -0.0038 ns -0.0007 ns 0.0008 ns 
1997 -0.0159 ns -0.0082 ns -0.0053 ns 
1998 -0.0514 ** -0.0444 ** -0.0398 ** 
1999 -0.0400 * -0.0328 * -0.0270 ns 
2000 -0.0145 ns -0.0086 ns -0.0011 ns 
Constant 0.0099 ns 0.0121 ns -0.0228 ns 
F 4.38  4.70  4.91  
Prob>F 0.0000  0.0000  0.0000  
R2 0.3488  0.3241  0.3161  
Root MSE 0.0597  0.0601  0.0603  
N 260  260  260  

ns non-significant, * Significant at 10%, ** Significant at 5%, *** Significant at 1%. 

The estimated coefficient of mortality was negative, indicating that a worse 

health condition is harmful to the economic growth. A unity increase in this variable 

decreases 0.11% the economic growth rate. Also, it is observed the coefficient of the 

initial per capita income increases (in absolute terms) in the parsimonious model 1 in 
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respect to the model base, indicating a higher rhythm of convergence beta among the 

Brazilian states when health status variable is consider in the model.   

The average education effect of the working-age population was predictable. 

The higher the educational level the higher the economic growth. An additional year 

in education increases 3.93% the growth rate. Taking the base model into account, we 

observed that the education effect did not change when the infant mortality was 

omitted. 

The variables with positive effect on the growth rate were population density, 

investment in physical capital, industrial participation in GDP, and fertility rate. 

Ceteris paribus, localities with higher number of people per square meter showed a 

higher growth rate given that the population density coefficient was positive and 

significant at 1%. Such result suggests that the agglomeration did not restrict growth, 

indicating a process of wealth concentration. The positive sign of the population 

density coefficient also suggests that the frontiers – which have played an important 

role in diminishing regional disparities – seemed to have lost dynamism during the 

1990s. 

In the same way, increased investment in physical capital and industrial 

participation in GDP have contributed to increase the rate of economic growth. A 1% 

increase in the growth rate of electric energy would increase 4.5% the growth rate of 

GDP per capita, ceteris paribus. The variables industrial participation in GDP and 

participation of services in GDP were included in order to test whether the economies 

of scale resulting from the forward and backward effects in these sectors had an 

impact on growth rate of GDP per capita, as predicted in the literature of the new 

economic geography (Fujita, Krugman e Venables 1999, Figueirêdo 2002). Despite 

the increased participation of services in GDP, mainly in the second half of the 90s, 

the industrial sector was still an important variable as far as per capita income growth 
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is concerned. Our results suggest that, ceteris paribus, an increased participation of 

the industrial sector would increase by 0.3% the growth rate of GDP per capita.  

A slightly intuitive result is concerned with the effect of fertility rate. We 

observed that higher fertility rates have contributed to economic growth, as their 

coefficient was positive and significant at 5%. In order to verify what exactly fertility 

rate is measuring in our analysis, we first estimated the economic growth model 

considering only the fertility rate as independent variable and later we included each 

independent variable in the model. When we consider only fertility rate, its effect on 

economic growth is as expected: the higher the fertility rate the lower the economic 

growth. The effect of fertility rate becomes positive after including the following 

variables “economic distance”, “dummies of region”, “Industrial participation in state 

GDP” or “Services participation in state GDP”. As those independent variables are 

related to the level of socioeconomic development of the Brazilian states, the effect of 

fertility rate, after controlling for them, no more reflect the level of development or 

poverty of the locality. In a macroeconomic approach, the fertility rate can be 

measuring the higher potential of economic growth in societies which demographic 

transition is in their initial stage. Its effect can be compared to that one of the initial 

income per capita in the economic growth model. Another possible explanation can 

be the presence of multicolinearity existing between fertility rate and the 

aforementioned independent variables. 

 

 

Effect of the proportion of deaths by selected causes  

We individually test the effect of the proportion of deaths by vascular 

diseases, diabetes, transmissible illnesses, cancer, AIDS, homicides and badly-

defined causes. These indicators reflect the different epidemiologic and morbidity 
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profiles experienced by the Brazilian states. Proportion of deaths by vascular 

diseases, cancer and diabetes are associated to a higher proportion of elderly people 

indicating better life conditions and health services access. On the other hand, the 

deaths by transmissible illnesses, AIDS, homicides and badly-defined causes are 

related to the level of poverty and development of the society as well as to worse 

health care access.  

The results are in accordance to the previous one. The worst the health 

conditions of the population the lower the economic growth. The model considering 

the proportion of deaths by vascular diseases, diabetes or cancer had a positive effect 

of health on the economic growth rate. On the other hand, the effect of the proportion 

of deaths by transmissible illnesses is negative. The effect of the proportion of deaths 

by AIDS, homicides and badly-defined causes on economic growth rates is not 

significant (Tables 3a and 3b). 
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Table 3a  

Direct effect of health status on economic growth 

Health Measure: Proportion of deaths by Selected Causes (Parsimonious Model) 

Independent Variables Vascular Diabetes Cancer 

Initial GDP -0.0942 *** -0.0684 *** -0.1078 *** 

∆ electric energy rate 0.0485 *** 0.0474 ** 0.0361 *** 

Fertility rate 0.0369 **   0.0297 ** 

Education 0.0446 ***   0.0305 ** 

Urban. rate   0.0021 ***   

Pop. density 0.0002 ***   0.0003 *** 

Migration rate   -0.0039 **   

% Industrial in GDP 0.0034 *** 0.0016 ** 0.0033 *** 

Heath Status 0.0040 ** 0.0196 *** 0.0118 *** 

Southeast (except SP) -0.0671 *** -0.0504 ** -0.0781 *** 

North  -0.1033 *** -0.0799 *** -0.1367 *** 

South  -0.0780 *** -0.0430 ** -0.1080 *** 

Center-West  -0.0695 *** -0.0749 *** -0.0863 *** 

Northeast -0.1451 *** -0.1500 *** -0.1765 *** 

1991 -0.0465 ** -0.0211 ns -0.0384 * 

1992 -0.0746 *** -0.0600 *** -0.0764 *** 

1993 -0.0082 ns 0.0159 ns -0.0077 ns 

1994 0.0029 ns 0.0258 ns 0.0089 ns 

1996 0.0002 ns -0.0051 ns 0.0031 ns 

1997 -0.0049 ns -0.0066 ns -0.0047 ns 

1998 -0.0416 ** -0.0435 ** -0.0418 ** 

1999 -0.0287 ns -0.0227 ns -0.0270 ns 

2000 -0.0046 ns 0.0070 ns -0.0058 ns 

Constant -0.1848 * 0.0350 ns -0.0493 ns 

F 5.03 *** 5.28 *** 5.79 *** 

R2 0.33  0.33  0.35  

Root MSE 0.06  0.06  0.06  

N 260  260  260  
ns nonsignificant, * Significant at 10%, ** Significant at 5%, *** Significant at 1%. 
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Table 3b  

Direct effect of health status on economic growth 

Health Measure: Proportion of deaths by Selected Causes (Parsimonious Model) 

Independent Variables Transmissible AIDS Homicides Badly-defined 

Initial GDP -0.0857 *** -0.0757 *** -0.0757 *** -0.0757 *** 

∆ electric energy rate 0.0386 ** 0.0441 ** 0.0441 ** 0.0441 ** 

Fertility rate 0.0269 *       

Education 0.0510 *** 0.0324 *** 0.0324 *** 0.0324 *** 

Urban. rate         

Pop. density 0.0002 ** 0.0002 * 0.0002 ** 0.0002 * 

Migration rate         

% Industrial in GDP 0.0024 *** 0.0024 *** 0.0024 *** 0.0024 *** 

Heath Status -0.0060 * - ns - ns - ns 

Southeast (except SP) -0.0812 *** -0.0574 *** -0.0574 *** -0.0574 *** 

North  -0.1315 *** -0.1001 *** -0.1001 *** -0.1001 *** 

South  -0.0890 *** -0.0578 *** -0.0578 *** -0.0578 *** 

Center-West  -0.0864 *** -0.0678 *** -0.0678 *** -0.0678 *** 

Northeast -0.1757 *** -0.1342 *** -0.1342 *** -0.1342 *** 

1991 -0.0312 ns -0.0303 ns -0.0303 ns -0.0303 ns 

1992 -0.0638 *** -0.0621 *** -0.0621 *** -0.0621 *** 

1993 0.0029 ns 0.0141 ns 0.0141 ns 0.0141 ns 

1994 0.0123 ns 0.0242 ns 0.0242 ns 0.0242 ns 

1996 -0.0014 ns 0.0008 ns 0.0008 ns 0.0008 ns 

1997 -0.0136 ns -0.0037 ns -0.0037 ns -0.0037 ns 

1998 -0.0532 ** -0.0379 ** -0.0379 * -0.0379 * 

1999 -0.0420 ** -0.0232 ns -0.0232 ns -0.0232 ns 

2000 -0.0208 ns 0.0051 ns 0.0051 ns 0.0051 ns 

Constant -0.0126 ns 0.0491 ns 0.0491 ns 0.0491 ns 

F 5.15 *** 4.99 *** 4.99 *** 4.99 *** 

R2 0.33  0.31  0.31  0.31  

Root MSE 0.06  0.06  0.06  0.06  

N 260  260  260  260  
ns nonsignificant, * Significant at 10%, ** Significant at 5%, *** Significant at 1%. 
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We also specify the model considering jointly all health status variables 

aforementioned besides the infant mortality rate. In order to get a more parsimonious 

model, we removed the non-significant variables keeping only those which 

significance level is equal or lesser 10%. Analyzing the final parsimonious model 2 in 

table 4, only the variables “proportion of deaths by transmissible illnesses” and 

“proportion of deaths by cancer” are significant and present the expected signal, 

suggesting robustness of the results found for infant mortality rate. The localities with 

worse health conditions experienced the lower economic growth rates during the 

analyzed period.  

Another exercise was including in the parsimonious model 1 (specified in 

table 2) the measures of health (proportion of deaths by selected causes) where the 

correlation with the infant mortality rate is lower in order to consider different 

dimensions of the average health of the population and to prevent multicolinearity 

problems. Those variables are proportion of deaths by transmissible illnesses, 

diabetes and homicides which correlation with infant mortality rate is as lower than 

0.25.  

The results, showed in table 5 (Parsimonious Model 4), are in accordance to 

the previous one: the economic growth rate is positively related with the average 

health level of the population. Infant mortality rate and the proportion of deaths by 

transmissible illnesses have a negative effect on economic growth, whereas the 

proportion of deaths by diabetes has a positive effect. The proportion of deaths by 

homicides is not significant (Parsimonious Model 3). 
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Table 4 

Direct Effect of health status on economic growth considering jointly different 

health measures 

Variables All Variables 
Parsimonious  

Model 2 

Initial GDP -0.1195 *** -0.1076 *** 

Variation rate of electric energy 0.0308 * 0.0289 ** 

Fertility rate 0.0511 ** 0.0343 ** 

Gini coefficient -0.0728 ns   

WAP proportion in relation to total 
population 

0.3344 ns   

Education 0.0243 ns 0.0404 *** 

Urbanization rate 0.0016 ns   

Population density 0.0002 ns 0.0003 *** 

Economic distance 0.0000 ns   

Migration rate (urban residents) -0.0028 ns   

Industrial participation in state GDP 0.0036 ** 0.0029 *** 

Services participation in state GDP 0.0009 ns   

Infant Mortality Rate -0.0010 ns   

Vascular Diseases -0.0007 ns   

Transmissible diseases -0.0052 ns -0.0065 ** 

Aids -0.0048 ns   

Diabetes 0.0173 ns   

Homicide 0.0040 ns   

Badly-defined 0.0011 ns   

Cancer 0.0135 *** 0.0123 *** 

Southeast (except for São Paulo) -0.0988 *** -0.0918 *** 

North  -0.1253 ** -0.1302 *** 

South  -0.1214 *** -0.1332 *** 

Center-West  -0.1063 *** -0.0898 *** 

Northeast -0.1868 *** -0.1825 *** 

1991 -0.0239 ns -0.0284 ns 

1992 -0.0647 *** -0.0711 *** 

1993 -0.0165 ns -0.0065 ns 

1994 -0.0002 ns 0.0095 ns 

1996 -0.0067 ns 0.0008 ns 

1997 -0.0275 ns -0.0138 ns 

1998 -0.0744 *** -0.0565 *** 

1999 -0.0634 *** -0.0433 ** 

2000 -0.0526 ** -0.0275 ns 

Constant -0.3171 ns -0.0395 ns 

F 4.890 *** 6.330 *** 

R2 0.400  0.373  

Root MSE 0.058  0.058  

N 260  260  
ns non-significant, * Significant at 10%, ** Significant at 5%, *** Significant at 1%. 

 



 19 

Table 5 

Direct Effect of Health Status on Economic Growth considering as health proxy 

measures infant mortality rate, proportion of deaths by transmissible diseases, 

diabetes and homicides.  

Variables Parsimonious Model 1 Parsimonious Model 3 Parsimonious Model 4 
Initial GDP -0.0931 *** -0.0894 *** -0.0917 *** 
Variation rate of electric 

energy 
0.0450 *** 0.0386 ** 0.0381 ** 

Fertility rate 0.0319 ** 0.0410 *** 0.0422 *** 
Education 0.0393 *** 0.0483 *** 0.0470 *** 
Population density 0.0003 *** 0.0002 * 0.0002 * 
Industrial participation in 
state GDP 

0.0030 *** 0.0023 ** 0.0024 *** 

Infant Mortality Rate -0.0011 * -0.0010 ns -0.0011 * 

Transmissible diseases     -0.0065 ** -0.0065 ** 

Diabetes     0.0183 ** 0.0185 ** 

homicides     -0.0011 ns   

Southeast (except for São 
Paulo) 

-0.0754 *** -0.0902 *** -0.0931 *** 

North  -0.1444 *** -0.1403 *** -0.1477 *** 
South  -0.0716 *** -0.0996 *** -0.0995 *** 
Center-West  -0.0875 *** -0.0953 *** -0.0992 *** 
Northeast -0.1557 *** -0.1722 *** -0.1770 ** 
1991 -0.0348 ns -0.0204 ns -0.0213 ns 
1992 -0.0676 *** -0.0597 *** -0.0613 *** 
1993 0.0002 ns 0.0028 ns 0.0016 ns 
1994 0.0085 ns 0.0094 ns 0.0086 ns 
1996 -0.0007 ns -0.0082 ns -0.0080 ns 
1997 -0.0082 ns -0.0224 ns -0.0224 ns 
1998 -0.0444 ** -0.0682 *** -0.0681 *** 
1999 -0.0328 * -0.0574 ** -0.0573 ** 
2000 -0.0086 ns -0.0435 * -0.0434 * 
Constant 0.0121 ns -0.0120 ns -0.0048 ns 
F 4.70 *** 4.82 *** 4.97 *** 

R2 0.32   0.35  0.35  

Root MSE 0.06   0.06  0.06  

N 260   260  260  
ns non-significant, * Significant at 10%, ** Significant at 5%, *** Significant at 1%. 

 

3.2 – The indirect effect of health condition on economic growth 

Table 6 shows results of the model in which infant mortality rate is interacted 

with average schooling so that we could measure the indirect effects of health 

condition on economic growth. Full model 5 was obtained by including the 

interaction terms in the parsimonious model 1, analyzed in the previous subsection. 
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Here again, the variables non-significant at 10% were excluded so that we could 

obtain the final parsimonious model 6. 

The effects of major variables on the rate of economic growth do not change 

when the interaction terms are considered in model, and the results of the full model 5 

and the parsimonious model 6 are quite similar. When analyzing the parsimonious 

model 6, we have noticed that the economy showed the conditional beta convergence. 

Moreover, the major variables affecting the rate of economic growth were average 

education of the working-aging population, investment in physical capital, fertility 

rate, population density, industrial participation in GDP, and economic distance. The 

major change in the results in relation to the previous analysis was concerned with the 

effect of health condition. After including interaction terms, the direct effect of health 

became non-significant. The results suggest that health condition affects economic 

growth indirectly through its relation with the level of human capital investment. 

Table 6 shows that the net effect of education is given by: 

(0.0529 - 0.0003 x infant mortality rate) x education. 

This relation showed that education has affected positively the rate of growth 

when infant mortality rate was less than 176.33. For all the Brazilian states, this rate 

was lower than this value all over the 1990s. Thus, increased years of study favored 

the growth rate of real GDP per capita in the period. However, it is worth noting that 

the net effect of education was lower than its pure effect due to the indirect effect of 

infant mortality rate.  
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Table 6 

Indirect Effect of Health Status on Economic Growth 

Second Especification of the Model: including interaction term 

Independent Variables Full Model 5 Parcimonious model 6 
Initial GDP -0.0980 *** -0.0973 *** 
Variation rate of electric energy 0.0418 ** 0.0427 *** 
Fertility rate  0.0286 * 0.0305 ** 
Education 0.0586 *** 0.0529 *** 
Population density 0.0003 *** 0.0003 *** 
Industrial participation in state GDP 0.0033 *** 0.0032 *** 
Infant Mortality Rate 0.0006 ns   
Infant Mortality Rate * Education -0.0004 ns -0.0003 ** 
Southeast (except for São Paulo) -0.0729 *** -0.0742 *** 
North  -0.1324 *** -0.1365 *** 
South  -0.0752 *** -0.0746 *** 
Center-West  -0.0827 *** -0.0845 *** 
Northeast -0.1428 *** -0.1448 *** 
1991 -0.0313 ns -0.0317 ns 
1992 -0.0656 *** -0.0660 *** 
1993 0.0026 ns 0.0018 ns 
1994 0.0109 ns 0.0099 ns 
1996 0.0000 ns -0.0004 ns 
1997 -0.0091 ns -0.0092 ns 
1998 -0.0455 ** -0.0457 ** 
1999 -0.0364 ** -0.0360 * 
2000 -0.0146 ns -0.0137 ns 
Constant -0.0680 ns -0.0416 ns 
N 260  260  
F 4.58  4.76  
Prob>F 0.00  0.00  
R-squared 0.33  0.33  
Root MSE 0.06  0.06  

ns nonsignificant, * Significant at 10%, ** Significant at 5%, *** Significant at 1%. 

 

4. Discussion 

This paper aimed to estimate the impact of health condition on the growth of 

income per capita among the Brazilian states during the 1990s. We consider both 

direct and indirect effects. The direct effect can be verified whether the effects of 

health on individual earnings are reproduced in the macroeconomic level affecting the 

level of wealth of the society. The indirect effect of health condition on economic 

growth is observed due to its relation with education. Improved health condition 

contributes to reduce the effective depreciation rate of human capital and to increase 
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education stock given the increases in investment return in education. In this way, an 

indirect positive effect of health condition on economic growth may occur, since a 

higher investment in education and in other forms of human capital improve the 

average productivity of the population. 

The main results found in this paper show that health affects positively 

economic growth. A unity decrease in the infant mortality rate contributes to increase 

the economic growth rate by 0.11%. Among the Brazilian states in the 1990s, the 

infant mortality rate was reduced in approximately 36% in average (from 50.45 

deaths per thousand in 1990 to 32.40 in 1999), which contributed to an increase of 

2% in the average rate of economic growth ceteris paribus. The Brazilian states with 

the highest decreases in infant mortality rate (in unity terms) between 1990 and 1999 

were those of the Northeast region. For example, the infant mortality rate in Alagoas, 

Ceará, and Paraíba decreased 35, 31 and 30 units during this period. Ceteris paribus 

those decreases contributed to increase the rate of economic growth by 3.82%, 3.39%, 

and 3.32%. These percentages are significant when we compare to the economic 

growth rate observed in the 1990s in the country. According to IPEADATA7, 

between 1990 and 2000 the Brazilian GDP per capita increased 9%. 

These results highlight the importance of the average health conditions of the 

population in affecting the level of wealth of the society. The infant mortality rate is 

an overall measure of the average health level of a population and it is quite sensitive 

to social policies. It reflects both the health condition of live-born children and that of 

their parents. This is so because it is associated, on the one hand, with health policies 

designed to preventive actions for the population treatment and access to health care 

services; and, on the other hand, with the parental health condition (mainly as for 

nutrition, living habits, and information on health). The infant mortality rate provides 

                                                 
7 http://www.ipeadata.gov.br/ 
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– to a certain extent – information on the access of health care services, if we have in 

mind that most of the deaths of children under a year of age result from avoidable 

causes that are related to socioeconomic characteristics of their environment and the 

consumption of preventive health care. 

Besides the infant mortality rate, we tested others variables as proxy of the 

average health status of the population. Even though the infant mortality rate is a 

synthetic indicator widely used in the literature as proxy for the average health status 

of the population, it is worthy to present the results estimated using others health 

measures since health status is a multidimensional concept. The results are in 

accordance to the previous one. We found a significant and negative effect of health 

variables that are related to the level of poverty and worst access to the health care 

services, such as transmissible illnesses. On the other hand, we found a positive and 

significant effect of health variables, as for example diabetes, cancer and vascular 

diseases. These illnesses are related with the degree of population aging being 

positively associated with better health conditions of the locality. 

Our results also suggest that the main effect of health on economic growth is 

indirect through its effects on the level of education. Increases in the average years of 

schooling of the working-age population contribute to accelerate the economic 

growth in Brazil. In the 1990s, the average educational gain was 1.12 year, which 

contributed to increase 4.40% the growth rate (ceteris paribus). In this period, the 

states presenting the highest educational level gains were Acre (1.6), Tocantins 

(1.51), and Roraima (1.5). The effect of such gains on the rate of economic growth 

was around 6%.  

However, when we include in the model the interaction term (infant mortality 

rate with education level), we observe that the high infant mortality rates decrease the 

positive effect of education on the economic growth. Our result strongly differs from 
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that by Knowles and Owen (1995), who obtained a non-significant coefficient for 

education when they introduced the health proxy in their econometric model. In the 

present study, not only the education coefficient remained positive and significant 

when infant mortality rate was introduced among independent variables, but also the 

major effect of health variable on economic growth occurred indirectly through 

education. After including interaction term, the direct effect of health became non-

significant. Therefore, in Brazil, health status seems to affect economic growth 

indirectly. Localities presenting higher infant mortality rates tended to show a lower 

productivity due to smaller investment in education and other forms of human capital, 

leading to lower educational returns in those regions.  

The main fragility of this work is the short period of time. We recognize that 

this period is insufficient to get more robust considerations concerning the dynamics 

of the economic growth. However, since we are dealing with panel analysis, we 

believe such limitation is at least in part lowered being offset by the heterogeneity 

observed among Brazilian states regarding to the development stages and to the 

epidemiologic profile. Besides, the effects of health on economic growth found in this 

paper would be underestimated as long as we are not able to analyze the long-term 

effects of poor health conditions on economic growth. Individuals who belong to the 

working-age population today were exposed to the epidemiologic profile existing in 

Brazil since they were born. This period can vary from 14 until 64 years ago that 

encompasses very different phases of the epidemiological profile experienced by the 

Brazilian population. For this reason, extensions of this paper should attempt to take 

account of indicators that could measure health condition of the population as a whole 

during their cycle life, specially the portion directly affecting the productivity 

capacity in the country. In order to perform such analysis it is necessary to take 

account a more extant time period. The main constraint is the unavailability of 
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reliable morbidity and mortality measures for the Brazilian states that consider a 

larger period of time. 
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